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SUMMARY  RAGE 


TH^PROHEM 

Dosimetry,  as  a  subset  of  research  In  electromagnetic  (EM)  bloeffects, 
has  made  such  rapid  progress  during  the  last  decade  that  many  scientific 
Invest i gators  are  unaware  of  the  present  stete-of-art.  As  a  result,  inade¬ 
quate  utilization  of  available  technology  Is  seen  In  much  research  currently 
In  progress.  Such  research,  conducted  In  the  absence  of  sound  dosimetry 
design,  leeks  credibility.  This  study  provides  a  usable  orientation  in 
present  and  future  dosimetric  technology  through  a  documentation  of  the 
swift  progress  in  this  area  since  1969.  The  Information  contained  in  this 
report  can  assist  researchers  In  making  full  use  of  the  latest  dosimetric 
techniques  and  devices  to  quantitatively  establish  the  existence  of  observed 
effects. 

riNOINGS 

The  rapid  pece  of  research  in  electromagnetic  absorption  in  biological 
systems  was  stimulated  by  the  Intent  of  many  workers  to  develop  a  quantita¬ 
tive  basis  for  the  evaluation  of  bloeffects.  In  the  United  States,  close 
coupling  was  established  and  maintained  among  theoreticians,  empiricists, 
and  instrumentation  specialists  to  propel  basic  knn»ledge  of  plane-wave 
absorption  from  crude  one- dimensional  tissue  analysis  to  realistic  computer- 
derived  human  models.  At  times  theory  was  leading  experiment;  while  at 
other  times  experimental  results  lead  the  way.  Progress  In  absorption  and 
dosimetry  Is  still  underway ,  and  higher  degrees  of  resolution  are  needed. 

The  elaborate,  man-sized  computer  models  are  still  rather  gross  generaliza¬ 
tions  of  the  actual  human,  and  msny  of  the  current  experimental  results  ere 
based  on  the  use  of  scaled,  simplified  models.  The  problem  of  near-fleld 
xposure  Is,  moreover,  Just  beginning  to  be  eddresed.  A  beneficial  side 
affact  of  the  vigorous  activity  within  the  realm  of  EM  doslmetrv  has  been 
the  advent  of  Improved  analytical  tools  such  as  EM  compatible  temperature 
probes  end  standardized  power  monitors.  These  tools  can  profitably  be  used 
by  all  Investigators  In  studying  EM  bloeffects  and  not  only  by  those  working 
In  dosimetry. 

RECOMMENDATIONS 

The  operational  environment  of  Navy  combat  platforms  Is  one  of  United 
space  crowded  with  apparatus  and  parsonnel.  Obviously,  a  compromise  must 
be  achieved  as  to  the  exposure  of  personnel  to  an  ant  Ire  spectrum  of  poten¬ 
tial  biophysical  agents,  one  of  which  is  elect ronmgnetlc  (EM)  radiation. 

The  biological  effects  of  such  radiation  art  not  all  well  established,  but 
they  are  beginning  to  yield  to  systematic  laboratory  analysis.  The  correla¬ 
tion  of  these  recognized  effect*  to  safety  hazards  In  the  operational 
environment  depends  prlnclpa.'y  on  detailed  dosimetric  analysis  of  the 
laboratory  research  and  of  the  onboard  environment.  The  study  of  EM  absorp¬ 
tion  and  dosimetry  In  men  tl  refore  serves  a  vital  function  in  the  evalue- 
t Ion  of  stresses  in  and  hazards  to  Navy  personnel.  It  Is  recommended  that 
a  strong  program  of  dosimetry  be  maintained  within  the  Navy  to  determine 
the  locus  end  level  of  electromagnetic  absoretfon  lr*  all  personnel  who  must 


function  tn  proximity  to  radiating  equipment  undtr  oparatlonal  condition!. 
Such  a  program  would  not  only  contribute  to  tha  advancement  of  knowledge  in 
dotlmetry  but  also  provide  a  quantitative  basis  for  the  decision  of  human 
safety  versus  platform  effectiveness  for  EM  radiation  environments. 
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INTRODUCTION 


Research  In  electromagnetic  (Em)  bloefferts  it  truly  an  tnierdlsclpli - 
nary,  multldlsclpl Inary  field  touching  «  wide  spectrum  of  professions  from 
engineering  to  medicine.  A  typical  lifting  of  EM-induced  effects  includes 
control  nervous  system  (CMS),  developmental ,  physiological ,  behavioral,  and 
tharapeutlc  offoctti  however,  ont  of  the  fattatt  developing  segments  of  tha 
total  affort  It  that  of  EH  dosimetry  and  absorption.  Tha  growth  of  thlt 
tubtat  of  Invattigation  It  claarly  taan  In  tha  eonparlton  of  tha  nuatbar  of 
popart  (3)  that  addrattad  thata  questions  In  tha  Rroeaedlngs  of  tha  19*9 
Richmond  Symposium  with  tha  number  of  such  pratantat lont  I I 7i  given  at  tha 
1977  International  Sympotium  at  Afrlie,  VA.  Tha  present  report  describes 
progress  since  19*9  In  tha  quantitative  study  of  whole- body  absorption  of 
electromagnetic  energy.  Alto  discussed  is  tha  currant  ttate-of-ert  In 
dosimetry  as  wall  as  soma  unanswered  questions. 

In  tha  organization  of  this  report,  four  major  topics  are  considered 
under  each  of  four  discrete  time  frames.  The  four  major  topics  to  be 
considered  within  each  period  are:  1)  philosophical  directives  or  overviews 
given  typically  as  a  symposium  Introductory  presentation,  a  panel  discussion, 
or  otherwise  published  In  the  ooen  literature;  2)  theoretical  results  that 
represent  progress  In  EM  absorption  and  dosimetry;  3)  experimental  absorp¬ 
tion  and  dosimetric  results;  and  A)  instrumentation,  either  developed  or 
made  available,  with  special  usefulness  in  advancing  the  state-of-art. 
Emphasis  Is  given  to  studies  that  have  dealt  with  whole-body  absorption  of 
EM  energy  In  free-fleld  conditions  or  in  simulated  free-flsld  conditions. 
Special  attention  Is  also  given  to  the  phenomenon  of  IM  resonance  absorption 
in  man  and  other  biological  systems.  Discussion  has  been  limited  to  signi¬ 
ficant  or  representative  examples  of  progress  In  this  field,  for  example, 
not  ell  of  the  many  analyses  of  EM  absorption  In  a  spherical  model  are 
cited  nor  are  all  of  the  various  temperature  probes  mentioned. 

The  time  frames  correspond  to  certain  landmarks  such  as  major  symposia 
on  EM  bioeffects.  They  are;  1)  19*9-73  "Rich  Includes  the  Symposia  on 
biological  Effects  end  Health  Implications  of  Microwave  Radiation  held  In 
Richmond,  Virginia,  the  1971  IEEE  Transactions  on  Microwave  Theory  end 
Techniques,  Special  Issue  on  biological  Effects  of  Microwaves,  end  the 
Internetlonel  Symposium  on  the  Biologic  Effects  end  Health  Haiards  of 
Microwave  Radiation  hold  In  Warsaw,  Poland;  2)  197A-75  which  Includes  the 
Conference  on  Biologic  Effects  of  Honlonlslng  Radiation  held  In  Mew  York 
and  the  1975  Annuel  USNC/URSI  meeting  held  In  boulder,  Colorado;  3)  1976- 
77  which  Includes  the  197*  Annual  USNC/URSI  meeting  held  In  Amherst,  Massa¬ 
chusetts,  end  the  1977  Internetlonel  Symposium  on  the  Biological  Effects  of 
Electromagnetic  Waves  held  In  Alrlle,  Virginia;  end  A)  197*  end  beyond, 
within  which  two  recently  concluded  symposia  are  discussed,  th#  1979  Sympo¬ 
sium  on  Electromagnetic  fields  In  biological  Systems  held  In  Ottawa,  Canada, 
and  the  Open  Symposium  on  the  biological  Effects  of  Electromagnet lc  Waves 
held  In  Helsinki,  Finland.  To  preserve  coherence  In  chronology,  results 
initially  presented  at  one  of  the  major  listed  symposia  will  be  Included  In 
the  time  frame  containing  the  symposium  and  not  In  the  time  frame  during 
which  the  proceedings  or  other  publication  became  available. 
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It  will  b«  shown  that  considerable  progress  hes  been  made  since  1969 
In  EM  dosimetric  knowledge  through  improved  experimental  techniques  end 
tools,  through  systematic  theoretical  analyses,  and  In  the  adoption  of  a 
consistent  set  of  units  of  measure.  This  progress  has  fostered  Increased 
dosimetry  In  the  description  of  nearly  all  other  types  of  bloeffects  research 
such  that  the  entire  discipline  Is,  for  the  most  part,  unified  In  terms  of 
Investigators  providing  either  measured  data  or  at  least  an  approximation 
of  the  absorbed  radiation  as  one  of  the  Independent  variables. 

Tint  FRAME  196$  -  1973 

In  this  time  period,  there  was  a  great  reawakening  In  the  area  of 
electromagnetic  (specifically  microwave)  biological  effects.  A  number  of 
years  had  passed  since  tb?  last  Trl-Servlea  Program  conference  (62,  67); 
public  and  governmental  cones rn  wes  growing  with  regard  to  the  health 
hazards  of  nonionizing  radiation,  particularly  In  light  of  the  disparity 
between  the  U.S.  end  Russian  exposure  standard  (10  *M/«m2  and  10  yW/cm2, 
respectively)  end  In  reaction  tw  Soviet  and  Castarn  Curopaan  rasaarch 
reports  which  were  In  disagreement  with  conclusions  of  the  Trl-Sarvlca 
Program.  In  essence,  the  time  wes  ripe  for  e  vigorous  pursuit  of  e  compre¬ 
hensive  program  In  this  area. 

PHILOSOPHICAL  OVERVIEW 

At  the  time  of  tne  Richmond  Symposltfs  In  1949,  a  general  ton#  of 
uncertainty  was  avldent  In  tha  remarks  of  a  numbar  of  participants  05. 

27).  Results  from  the  Soviet  literature  lnd‘:stlng  bloeffects  of  electro¬ 
magnetic  radiation  (EHR)  at  thermally  Insignificant  levels  were  pondered 
and  were  considered  to  be  sufficient  evidtnee  to  warrant  further  work  In 
thle  country.  The  demarcation  between  thermal  effects  end  non  therms  I 
effects  wes  discussed  from  e  number  of  viewpoints  as  ware  the  possible 
cumulative  effects  of  nonionizing  radiation,  but  no  solid  consensus  existed 
among  the  participants  along  thasa  lines,  and  an  obvious  void  existed 
between  the  requirements  of  administer! na  the  newly  enacted  Radiation 
Control  for  Health  end  Safety  Act  of  i960  end  the  quantitative  scientific 
knowledge  needed  to  support  those  requirements. 

fortunately,  an  attitude  of  cooperation  In  an  intarnatlona!  sense  was 
nurtured  by  mutual  afforts  by  both  Western  and  Eastarn  scientists  to 
resolve  carteln  disparities  that  existed  In  philosophy,  methodologies,  and 
results.  A  monument  eo  this  program  of  mutual  cooperation  wes  the  1973 
Warsaw  Sys^oslum  attended  by  scientists  from  iwolve  notions.  In  the  pub¬ 
lished  proceedings  of  this  symposium  are  listed  a  number  of  conclusions  end 
recommendations  that  reflect  e  representative  cross-section  of  the  philosophy 
of  EM  bloeffects  as  It  existed  In  1973  (6).  Among  the  recoweendat Ions 
emanating  from  the  Warsaw  Symposium  were  ceils  fo'  more  International 
coordination  of  research  on  the  bfologl.  effects  cf  microwave  redletlon  end 
a  cell  for  further  studies  Into  such  areas  es  low-level  end  cumulative 
effects,  cellular  effects,  end  dosimetric,  spatial  analysis  of  CM  absorption. 
9y  the  end  of  1973,  It  wes  apparent  that  some  of  the  barriers  to  Interna¬ 
tional  cooperation  In  bloeffects,  specifically  those  separating  the  Eastern 
and  Western  countries,  wera  being  broken  down. 
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THEORETICAL  RESULTS 


At  the  enf  of  the  1960's  th«  theoretical  predictions  of  EH  Absorption 
by  biologies!  systems  was  limited  to  s  simple  slsb  model  end  the  absorption 
cross-section  studies  of  Anne  0)  who  used  Mia's  (63)  solution  for  EH 
scattering  by  a  sphere.  These  theoretical  bases  were  inadequate  tn  several 
areas,  for  instance,  the  slab  model  of  a  biological  system  predicted  only 
a  slufllstlc  surface  absorption  that  was  deemed  biologically  unimportant 
for  frequencies  above  3000  MMx  (71),  and  the  scattering  cross-section 
analysis  did  not  explicitly  quantify  the  total  average  energy  absorption  of 
the  spherical  model,  it  was  toon  to  be  theoretical l.y  shown  for  curved 
bodies  with  physiological  properties  that  the  Internal  EH  absorption  for 
certain  wavelengths  was  much  higher  than  that  predicted  by  the  simple  slab 
model  (66). 

In  later  studies  of  the  overall  average  energy  absorption  by  the 
physiological  sphere,  a  broad,  frequency  dependent,  absorption  peak  was 
predicted  by  the  Mia  solution  (65).  A  study  of  a  head-slsad  spherical 
model  showed  Internal  concentrations  of  absorbed  energy  (72),  and  many 
theoretical  and  experimental  studies  of  the  head  absorption  problem  were 
initiated  after  these  results  were  publlshad.  One  Important  early  result 
in  theoretical  dosimetry  was  by  Lin  and  coworkars  who  studied  a  spherical 
model  of  man  Irradiated  by  a  plane  wave  (57).  Although  man  Is  obviously 
not  a  physiological  sphere,  this  study  was  the  first  to  extrapolate  overall 
absorption  values  to  a  man  model  for  frequencies  between  I  and  20  MHx. 
notwithstanding  the  limitations  in  frequency  and  In  the  assumed  model,  that 
paper  (57)  served  as  the  starting  point  for  many  extrapolation  studies. 

EXPERIMENTAL  RESULTS 

Very  few  experimental  dosimetric  results  existed  before  1969,  and  the 
state-of-art  In  this  area  was  rather  crude  at  the  time  of  the  Richmond 
Sympo« ‘ um.  The  uneven  neture  of  microwave- Induct d  heating  was  studied  by 
Poxot  er.d  coworkars,  using  water  or  water-based  loads  and  mercury  thermom¬ 
eters  (69).  lallle  at  el.  used  a  mechanically  driven  thermocouple  needle 
to  plot  tr,e  microwave  dtsslpetlon  within  a  dog's  eye  and  within  various  eye 
models  (9).  A  notable  early  experiment  was  performed  by  Justesen  and  King 
(53).  the  average  whole-body  temperature  rise  of  various  phentom  models  was 
used  to  quantify  the  "absorbed  dose"  of  microwave  energy.  All  Investigators 
were  eventually  urged  to  Incorporate  some  description  of  the  "absorbed 
dose"  first  proposed  end  used  by  Justesen  and  King. 

Later,  another  powerful  tool,  the  thermographle  Imaging  system,  was 
Introduced  Into  the  area  of  EH  dosimetry.  Guy  used  this  method  to  study 
the  energy  distribution  In  tissue-equivalent  phantom  materials  (38).  These 
artificial  tissues  simulated  living  material  In  term;  of  electrical  proper¬ 
ties  for  the  range  of  frequent,-  oelng  considered,  end  use  of  the  thermogra¬ 
phic  Imaging  system  permitted  the  simultaneous  two- dimensions I  analysts  of 
the  amount  end  distribution  of  the  absorbed  microwave  energy.  This  Initial 
publication  by  Guy  and  a  companion  paper  by  Ho,  Guy,  and  others  clearly 
showed  the  different  lei  heating  patterns  caused  by  different  wavelengths 
■id  by  various  microwave  applicators  for  simulated  fat/muscle  conf Igurat Ions 
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<38,  4J).  In  a  later,  very  comprehensive,  paper  by  Johnson  end  Guy  (46), 
the  Initial  thermographic  results  were  reviewed,  and  thermographic  evidence 
was  used  to  shew  undesirable  features  of  using  metallic  electrodes  In 
irradiated  preparations.  The  piessnce  of  such  metal  electrodes  was  seen  to 
cause  large  amounts  of  heating  In  nearby  tissue.  Introduction  of  relatively 
simple  phantom  materials  and  use  of  thermograms  were  major  advancements  in 
experimental  dosimetry,  and  a  rapid  development  of  this  field  followed. 

INSTRUMENTATION  DEVELOPMENT 

The  development  of  measuring  equipment  particularly  suited  for  EM 
bloeffects  studies  was  under  way  before  1969.  Carpuehettes  discussed 
several  microwave  leakage  measuring  devices  at  the  1969  Richmond  Symposium 
(28).  wacker  (75)  end  Bowman  915)  presented  studies  of  the  theoretical  and 
practical  aspects  of  measuring  hazardous  microwave  fields  (76).  The  Narda 
8100  series  electromagnetic  radiation  survey  mater  was  Introduced  by  Aslan 
in  1970,  and  this  Instrument  Is  still  In  use  today  typically  as  a  microwave 
leakage  detector  (5,  6).  A  Narda  broadband,  isotropic  power  monltur  useful 
from  0.3  to  18  GHz  was  introudeed  by  Aslan  in  1 972  (7).  Another  Isotropic 
microwave  power  density  meter  developed  at  the  National  Bureau  of  Standards 
(NBS)  was  described  by  Bowman  In  1973  (16).  Unlike  the  comnerclelly  avail* 
able  Narda  probes,  the  NIS  units  were  produced  on  a  very  small  scale  with 
United  availability.  The  early  development  of  these  probes  In  the  United 
States  permitted  a  high  degree  of  standardization  In  the  incident  field 
parameters  of  subsequent  EM  bloeffects  studies. 

SUMMARY 

This  period  (1969*1973)  was  a  tine  of  consolidation  of  thought  In  the 
United  States  concerning  CM  hazards  and  it  was  a  time  when  a  considerable 
amount  of  groundwork  was  achlaved  In  absorption  and  dosimetry.  These 
Initial  accomplishments  paved  the  way  foi  a  more  rapid  rate  of  progress  In 
this  tree. 


TIME  FRAME  »9?4  *  1975 

(Hiring  this  time  Interval  of  only  two  years,  the  volume  of  research  on 
the  biologic  effects  of  nonionizing  radiation  was  substantially  larger  then 
that  undertaken  during  the  previous  time  frame  of  5  years.  Two  major 
meetings  on  the  topic  were  held  In  the  United  Ctetes  during  1974  and  1975; 
they  were  sponsored  by  the  Now  York  Academy  of  Sciences  end  by  the  United 
States  National  Committee  of  the  Internet lonal  Union  of  Radio  Science, 
respectively.  Certain  amounts  of  structure  and  of  differentiation  In  the 
overall  field  of  electromagnet ic  bloeffects  evolved  during  these  years. 
Typically,  experimental  work  became  classified  under  r-tch  categories  as 
behavioral,  sensory,  and  developmental ;  moreover,  EM  dosimetry  was  also 
elevated  to  the  status  of  a  major  subdivision  o*  the  field.  The  two  con¬ 
ference*  had  a  total  of  t warty-two  preeentat Ions  on  dosimetry  that  were 
eventually  published,  and  many  of  the  citations  to  be  listed  In  this  tec* 
t  ion  ere  to  be  found  In  the  publications  resulting  from  these  conferences. 
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PHILOSOPHICAL  OVERVIEW 


Th#  g«ner«l  philosophy  presented  during  this  period  concerned  admoni¬ 
tions  to  continue  the  good  work  already  started  and  established  the  Impor- 
U.*ce  of  dosimetric  analysis  In  all  £H  btoefferts  experiments  (5a) .  Tyler 
acknowledged  the  progress  In  the  area  of  electromagnetic  field  measurements 
and  stated  that  "the  prospects  for  nonionizing  radiation  research  ver# 
never  more  promising  .  .  .  (7k).  Guy  stressed  the  need  to  establish  a 

quant  I  tat  I v#  data  basa  for  tha  evaluation  of  Eh  hazards.  Ha  also  listed 
the  standardisation  of  tachnlguas  for  fraa-spaea  E-and  H-flald  maasuraments 
and  for  absorbed  power  density  determinations  In  tissua  as  hlgh-prlorl ty 
1  tarns  (39). 

The  Increasing  emphasis  on  dosimetric  analysis  was  saan  In  savaral 
papers  published  In  1975.  Johnson  stated  that  all  bloaffacts  studies 
should  includa  either  direct  measurements  of  the  EH  absorption  of  a  subjact 
or  conplata  Information  at  to  tha  axtarnal  flald  configuration  such  that 
the  Internal  EH  absorption  could  ba  approximated  using  extrapoietion  tech¬ 
niques  that  were  (and  still  ara)  balng  daveiopad  (k8) .  Precision  In  dosi¬ 
metric  terminology  and  agrmamant  on  usaga  bocama  a  subject  of  llvaly 
Interest.  Such  terms  as  "absorbed  power  density,"  "absorbed  energy  dots," 
or  "microwave  dose  rate"  wore  gradually  replaced  by  specific  absorption 
rate  (SAR)  In  watts  par  kilogram  as  the  accaptad  parameter  of  EH  absorption 
(kO,  5k,  73).  Use  of  specific  absorption  rata  Is  fraught  with  several 
problems,  as  pointed  out  by  Justetan;  never tha lass,  Its  use  It,  by  now, 
nearly  universal. 

THEORETICAL  RESULTS 

During  this  period,  theoretical  work  under  the  heading  of  absorpt'on 
and  dosimetry  can  bo  classified  Into  three  categories:  1)  analysis  using 
standard  shapes  such  at  spheres  end  cylinders,  2)  analysts  of  the  prolate 
spheroid,  ene  3)  enalysit  of  e  more-or-tese  human  shaped  modal.  Representa¬ 
tive  papers  of  theoretical  work  Using  the  spherical  medal  includa  one  by 
Well  (77)  analyzing  a  multilayered  sphere  and  another  by  Krltlkos  and 
Schwan  (56)  depleting  tha  healing  potential  In  lossy  spheres.  Theoretical 
analysis  of  an  Irradiated,  layered  cylindrical  modal  with  Irregular  cross- 
section  was  given  by  Ho  (kk).  Theoretical  dosimetry  using  the  prolate 
spheroid  modal  was  Initiated  at  tha  University  of  Utah.  Tha  Utah  model 
represented  an  Improvement  over  spherical  models,  but  the  mathematical 
techniques  Involved  In  prolate  spheroid  analysis  limited  the  frequency 
rerge  to  wavelengths  that  were  long  as  compered  to  the  size  of  the  Irradiated 
model.  Tor  the  man-sized  model,  the  highest  frequency  for  which  the  results 
were  valid  woe  about  30  HHz  (29,  k9) .  The  studies  clearly  showed  that  both 
orientation  end  frequency  were  major  feet  **s  of  EH  absorption  In  this 
frequency  range.  The  total  overage  absorption  In  the  men-stzed  model  was 
seen  to  rise  sharply  with  frequency  end  was  highest  when  the  long  axis  of 
the  spheroid  was  parallel  to  the  Incident  electric  field.  Previous  Hie 
solutions  of  spherical  models  had  shown  a  similar  frequency  dependence  at 
long  wavelengths;  moreover,  the  Hie  theory  predicted  the  existence  of  a 
frequency  of  maximum  average  absorption  by  the  physiological  sphere  (k6) . 

This  so-called  resonant  frequency  of  absorption  was  balng  observed  experi¬ 
mentally  In  various  laboratories  (see  next  section);  therefore,  a  more 
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rcfln«tf  methmnet leal  technique  called  "the  extended  boundary  condition 
"at  hod"  (EBCh)  wii  used  at  the  Uni  vanity  of  Utah  to  theoretically  show  tha 
axl stance  of  such  a  peak  in  tha  prolate  spheroid  nodal  (10).  Because  of 
several  weaknesses  in  the  Initial  EBCH  solutions,  only  a  qualitative  corre¬ 
spondence  could  be  applied  to  the  man-sized  spheroid  as  to  SAA  at  resonance, 
but  the  validity  of  tha  prolate  spheroid  model  became  firmly  established  In 
terms  of  extrapolation  to  actual  animals  such  as  man,  primates,  and  rodents. 

Work  from  Michigan  State  University  was  presented  In  I?75  showing 
absorption  in  a  simple  blocx  model  of  man  Irradiated  by  a  plane  wave  (21). 

The  tensor  Inteprel  equation  method  was  used  to  show  EH  absorption  for 
frequencies  up  to  500  MHz.  The  usefulness  of  the  Initial  block  model  of 
men  was  rather  limited,  but  a  resonant  absorption  frequency  was  observed 
for  the  model  at  approximately  tha  tama  piaca  that  tha  CBCH  pradletad 
rasonanca. 

•y  tha  and  of  1975,  amphasls  was  notlcably  shifting  toward  tha  study 
of  man-related  mods  Is  ard  away  from  analysts  of  Isolatad  ipharas  and  cylln- 
dars.  Thaoratlcal  dosimetry,  In  a  short  tima,  had  become  an  Important  part 
of  bloeffacts  research,  and  tha  practice  of  extrapoletlng  absorption  para¬ 
meters  from  e  given  model  to  an  actual  living  system  Is  still  widespread. 

experimental  results 

In  early  197b,  experimental  dosimetry  was  trailing  thaoratlcal  work, 
but  the  order  was  reversed  by  the  end  of  1975*  The  ef foots  of  orientation 
end  frequency  on  Eh  absorption  were  first  observed  In  rats  end  ret  models 
where  alignment  of  the  rat's  long  axis  with  the  Incident  electric  field  (E- 
orlantation)  showed  the  strongest  average  absorption  for  certain  frequencies. 
Phillips  and  coworkers  found  differences  In  absorption  based  on  tha  type  of 
system  used,  either  cavity  Irradiation  or  frte-spece  Irradiation  (6U) . 

Sandhi's  Initial  publication  on  orientation  and  absorption  gave  tha 
power  absorbed  versus  frequency  for  three  orthogonal  orientations  of  the 
subject  In  a  strlpllne  Irradiation  system  (33).  A  peak  IR  absorption  for 
E-orlentettjn  was  seen  at  a  wavelength  of  approximately  twice  that  of  tha 
subject's  leng  axis.  Absorption  peaks  ware  also  sear  for  the  other  two 
or  lentet  loni  (H-or lentat  Ion  and  K-orlanrat  Ion) ,  but  tha  magnitude  of  these 
peaks  was  only  about  a  tenth  of  that  for  C-or  lentet  Ion.  These  lower  peaks 
both  occurred  et  higher  frequencies  than  those  observed  for  the  E-orlentatlon 
absorption  peak.  Although  Uandhl's  Initial  papar  dealt  exclusively  with 
rats  and  rat  models  and  although  Its  major  results  were  of  a  qualitative 
nature,  the  contribution  represented  a  significant  advance  in  the  understand¬ 
ing  of  Eh  absorption  In  whole-body  systems,  from  that  paper  (33),  valuable 
Informat  lor  could  be  directly  applied  to  the  EH  hazerd  problem  such  as  the 
worst-cese  'requeney  and  orientation  for  human  exposure. 

In  a  series  of  later  papers,  Gandhi  and  coworktrs  presented  more 
experimental  evidence  regarding  tha  nature  of  resonance  EH  absorption  In 
man  and  animal*  (3*t  -  36).  It  was  shown  that  the  worst-case  resonant 
absorption  frequency  for  the  average  hunen  was  about  70  MHz  In  the  absence 
of  ground-plane  effects,  for  e  grounded  subject,  the  resonant  frequency 
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was  half  the  original  valua.  Average  worst-case  absorption  for  a  10  mW/em; 
Incident  power  density  was  determined  to  ba  slightly  ovar  2  W/ kg  for  tha 
avaraga  parson.  A  disturbing  feature  in  Gandhi's  data  was  tha  vary  high 
neck  haating  obsarvtd  in  tha  figurina  aodals.  A  spacifie  absorption  rata 
of  60  W/kg  was  predicted  for  tha  nack  in  a  full-sised  human  at  rasoncnca 
with  a  10  ntf/cnr  incldant  (aval.  For  tha  grounded  worst-ease  s'tuation, 
tha  ankle  regions  ware  tha  regions  of  strongest  absorption  (15*17  W/kg  at 
10  mW/c*2) . 

Prior  to  this  time,  experimental  dosimetric  work  had  bean  started  by 
tha  Air  Force  at  tha  School  of  Aerospace  Medicine,  Brooks  Air  Force  Base, 

Texas.  Soma  of  the  initial  results  ware  reported  at  tha  New  York  Academy 
of  Science  meeting  (I).  A  notable  early  contribution  was  seen  In  a  paper 
by  Allen  and  coworkers  (2)  In  which  they  presented  experimental  verification 
of  the  theoretical  wor*  with  a  prolate  spheroid.  They  used  a  large  parallel- 
plate  transmission  system  capable  of  Irradiating  live  monkey  subjects  at 
frequencies  up  to  50  MHx.  It  was  experimentally  deduced  that  changing  tha 
shoulder  orientation  of  tha  monkeys  (either  slde-to-*lde  or  front-to-baek 
with  respect  to  wave  propagation)  produced  significant  dlfferencas  In 
average  absorption.  This  deduction  caused  some  emphasis  to  be  removed  from 
the  prolate  spheroid  model  and  placad  on  an  alilpsolda)  modal  of  man  for 
mora  realistic  theoretical  results.  In  this  Instance,  experimental  results 
were  leading  the  way  for  theoretical  work. 

Most  of  the  results  mentioned  In  this  section  were  to  be  modified  to 
some  extent  In  ensuing  years,  but  the  basic  features  of  the  humen-releted 
absorption  parameters  established  during  this  time  frame  ere  intact  todav. 
Although  tha  Initial  Indications  of  neck  heating  appear  to  heva  been  too 
high,  total  absorption  for  an  avaraga  parson  In  worst-case  free-flald 
conditions  at  approximately  80  NHi  is  still  estimated  to  ba  betwean  2  and 
3  W/kg  at  10  mw/cm  . 

(NSTRUMCNTATI  gw  ocvcuownt 

Three  notable  developments  lr.  Instrumentation  surfaced  during  the 
years  of  1*76  and  1375.  First,  a  temperature  proba  usabla  In  a  microwave 
environment  ms  developed  at  the  University  of  Utah  (k7.  58,  70).  This 
device  consisted  of  a  liquid  crystal  sensor  combined  with  an  optical  fiber 
communication  link  such  that  no  conductive  materiel  ms  Incorporated  Into 
the  measuring  element.  Prototype*  of  this  temperature  probe  were  u*ed  In 
several  laboratories  throughout  the  United  States  with  relatively  good 
success,  end  the  device  I*  now  commercially  aval  labia.  Another  instrument 
using  an  optical  transmission  link  was  a  miniature,  Isotrople  field  j*,0*>* 
developed  during  this  period  at  the  Bureeu  of  Aedlologleal  Health  112,  2k). 

The  first  version  of  the  probe  ms  usable  from  about  i  to  10  glgaherti  and 
could  ba  Implanted  In  either  real  or  simulated  tissue  to  Measure  Internal 
fields.  While  initially  very  promising,  the  probes,  unfortunately ,  heva 
not  been  fabricated  In  a  quantity  to  make  tham  commercially  available  at 
this  time.  Modifications  and  Improvements  to  »h#  basic  design  of  tha 
device  have  been  made,  and  work  1s  under  way  to  attempt  commercial  production. 
A  third  i ns  trimen  tat  ion  development  came  from  Hard#  In  the  form  of  an 
Isotropic,  low-frequency ,  H-flold  radiation  monitor  with  an  orthogonal  loop 
array  that  was  useful  from  10  to  300  HH*  (8). 
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SUMMARY 


it  It  •oily  Inferred  from  looking  at  the  advances  In  knowledge  of 
Just  the  dosimetric  aspects  of  CM  bloeffects  research  that  graat  strides 
had  bean  mad*  during  these  two  years  (I97k-1975).  Th«  art  had  progressed 
from  knowladga  of  only  spherical  absorption  to  a  knowladga  of  tha  basic 
featur.it  of  EH  absorption  In  man.  A  major  task  ramainad  in  gattlng  othars 
in  tha  fluid  to  utilize  tha  dosimatrlc  tools  that  had  bean  provided  and  to 
standardize  tha  use  of  dosimetry  In  other  types  of  Irradiation  experiments. 

TINE  FRAME  1976  -  1977 

During  theta  years,  tha  study  of  electromagnetic  bloeffactt  grew  to  be 
a  significant  branch  of  scientific  endeavor  as  shown  at  two  major  scientific 
meetings.  First  was  tha  1976  Annual  Meeting  of  USRC/'UR$I,  which  convened 
October  11*1$  In  Amherst  on  the  campus  of  the  University  of  Massachusetts. 
Second  was  tha  1977  Internationa)  Symposium  on  the  tlotoglcal  Effects  of 
Electromagnetic  Waves,  which  was  held  October  30-Hovember  k  at  Air  lie, 

Virginia.  Tha  schedules  of  both  of  theso  mootings  were  full,  and  tha 
attendance  was  heavy;  more  than  three  hundred  persons  attended  the  Air  lie 
Symposium.  More  coorperatlon  appeared  to  bo  evident  between  lest  end  West 
during  this  period.  American  scientists  in  EM  bloeffactt  visited  Soviet 
research  laboratories,  end  a  number  of  Russian  and  East  European  ecientlsts 
attended  the  1977  symposium. 

FHIlOSORHICAl  OVERVIEW 

As  viewed  by  leaders  In  the  field,  the  area  or  CM  btoeffects  wet 
advancing  steadily,  but  It  was  feared  that  continued  support  of  rosearch 
might  not  be  maintained  by  various  agencies  of  the  U.S.  Ooverneent  (55). 

These  leaders  pointed  with  pride  to  eccompl I shments  of  rocent  years  In  EM 
dosimetry,  therapeutic  hyperthermia,  and  In  greater  understanding  of  the 
mlcroweve*heer ing  effect.  In  Ms  keynote  address  to  the  1977  Internet lonel 
lloeffects  Symposium,  C.C.  Johnson  listed  many  of  the  contributions  In  this 
area  attained  through  interdisciplinary  and  International  cooperation  (SI). 
Unfortunately ,  the  scientific  community  was  to  lose  the  guiding  force  of 
C.C.  Johnson  soon  after  the  1977  meeting,  for  he  was  stricken  with  cancer 
end  <led  early  In  1979. 

A  new  feature  with  respect  to  the  study  of  EH  btoeffects  wet  devel¬ 
oping  during  this  period.  It  wet  the  publication  of  Informetfon  on  EM 
bloeffect*  by  journalists  In  the  news  media  end  popular  press  (U). 

Public  policy  makers  became  concerned,  and  research  date,  especially  results 
Indicating  effects,  were  given  e  high  degree  of  public  visibility.  Some 
researchers  were  asked  to  Interpret  scientific  date  end  to  provide  conclu¬ 
sions  that  could  be  readily  understood  by  the  public.  This, forced  attempt 
to  prematurely  drew  broad  conclusions  from  Inadequate  date  led  tu  differing 
opinion*  from  reputable  scientist*  end  to  some  polarisation  among  researchers . 
It  was  obvious  that  much  of  this  pud+fc  debate  could  have  been  prevented  If 
ell  the  published  biological  experlmentt'hed  been  dona  with  adequate  dosimetry, 
and  this  fact  provided  «  stimulus  In  theorst  Iceland  experimental  dosimetry 
to  develop  practical  method*  end  exper Jrvintal  guidelines  that  could  be 
readily  applied  by  eM  scientist*  to  enhencT-th*  validity  of  their  results. 
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tncucticai  results 


Expansion*  of  knowledge  In  theoretical  EM  absorption  and  dosimetry 
continued  unebeted  during  this  period.  Tho  Initial  work  In  calculating 
absorption  In  a  prolate  spheroid  biological  nodo!  for  long  wavelength*  was 
expended  Into  a  handbook  which  was  widely  distributed  (4$,  52).  The 
handbook  gave  the  who in- body  average  5AA  to  be  expected  In  many  models, 
ranging  from  Insect  >«.pae  to  man,  for  frequencies  below  resonance.  Long- 
wavelength  theoretical  solutions  were  also  found  for  CM  absorption  In  an 
ellipsoidal  model  of  s<en  (59  -  61) ,  and  progress  was  reported  In  using  the 
extended  boundary  condition  method  (IICH)  to  predict  absorption  !n  spheroidal 
models  at  frequencies  of  resonance  absorption  (II). 

Theoretical  studies  of  CM  absorption  In  realistic  men  models  also 
showed  significant  progress.  The  original  block  model  of  a  non  used  by 
Chen  and  cowu'fcar*  at  Michigan  State  University  (2G,  21,  2J)  was  made  more 
reel  I st le,  end  the  published  results  (22)  showed  e  good  correspondence  to 
experimented  doslmety  result-  obtained  primarily  In  Sandhi's  laboratory. 

Also  during  this  time,  theoretical  work  on  e  realistic  men  model  was  started 
at  the  University  of  Utah.  The  moment  method  of  analysis  wee  used  on  e 
highly  reel. Stic  mode'.,  end  an  Initial  report  (42)  showed  consistency  with 
experimental  results,  with  the  dosimetry  handbook  (45),  end  with  Chen°s  work 
(22).  j  , 

During  vnl*  period,  the  theoretical  study  of  CM  absorption  end  dosimetry, 
for  the  must  pert,  caught  up  with  the  progress  that  exp*  {mental  studies 
had  brought,  Rrobably  the  most  significant  development  was  the  Introduction 
of  the  Audiofrequency  Radiation  Dosimetry  Handbook  (45).  Ivan  though  this 
first  edition  was  ratter  limited  In  the  spectra  of  frequencies  used,  the 
nendbook  represented  a  needed  first  step  In  unifying  and  solidifying  the 
u»e  of  dosimetric  analysis  in  ell  CM  bloeffects  experiments. 

CXRCAtMCNTAl  RESULTS 

In  197b  end  1977,  the  number  of  contributions  In  experimental  CM 
doslmc*ry  was  not  at  large  as  during  the  previous  two  years.  Important 
results  w. re  obtained,  yet  the  overall  volume  ©f  activity  seemed  to  decline. 
Gandhi  end  coworkar*  pursued  the  study  of  absorption  In  animals  end  In 
figurine  models  of  men  to  show  hew  the  pressnee  of  around  planet  and 
reflectors  effected  the  overall  absorption  picture  137).  Gandhi's  date 
showed  that  considerable  enhancement  In  EM  absorption  takas  place  when  the 
subject  Is  either  conductlvely  grounded  or  It  In  the  vicinity  of  large, 
conducting  reflectors.  This  enhancement  of  absorption  over  the  free-space 
situation  ranged  from  a  factor  of  two  for  a  simple  grounded  subject  to  e 
factor  of  *or«  tha»*  te».  for  e  subject  located  near  e  corner  reflector. 

Chou  and  Guy  used  a  cavity  Irradiation  system  and  a  thermographic 
caerra  to  show  absorpt'on  patterns  In  scaled  models  of  man  for  frequencies 
above  resonance  (25).  At  138  m Hz  specific  absorption  rates  as  high  as  18 
y/kq  were  shown  to  occur  In  local  lied  rag  loos  of  the  body  for  exposures  at 
10  rrt/an2.  The  neck,  ankles,  and  wrists  were  seen  to  be  eress  of  high 
absorption  at  598  MM*.  At  frequencies  above  resonance,  lha  total  average 
SAA  was  reduced,  but  their  data  showed  local! i*d  resonances  at  frequencies 
sboye  whole-body  rnsonence. 
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At  the  1977  International  bloeffocts  symposium,  01  sen  prasented  dosl- 
«€trlc  results  obtained  In  e  full-sized  phantom  modal  of  a  man  (f»5) .  In 
this  full-sliad  modal  Irradiated  In  tha  far  ion*  at  1.29  GNj,  absorption 
was  shown  to  ba  essentially  a  f ront-surfece  affect.  Tha  average  total 
absorption  calculated  for  tha  man-phantom  was  O.JI  W/kg  for  10  nW/cmr  ,  and 
this  value  agreed  wall  with  theoretical  predictions  presented  at  tha 
same  symposium. 

Perhaps  tha  single  most  Important  contribution  of  experimental  dos¬ 
imetry  during  this  period  was  tht  finding  of  localized  resonances  In  various 
parts  nf  tha  body  where  tha  thermal  burden  of  Irradiation  could  ba  dangerous 
even  at  10  frt//cm*  incident  Intensities.  These  findings  prompted  tha  serious 
consldurat Ion  of  tha  10  rif/cm2  safety  standard  by  scientists  In  this  area, 
especially  chose  who  ware  alto  members  of  tha  American  National  Standards 
Institute  (ANSI)  committee  charged  with  tha  evaluation  of  tha  validity  of 
that  eafaty  standard. 

INSTRUMENTATION  OCVUOPCO 

The  development  of  Inst rumantat Ion  specifically  designed  for  use  In 
tha  Irradiation  of  biological  systems  or  models  continued  at  a  rapid  pec* 

In  1976  and  1977.  The  miniature  Implantable  field  probe,  previously 
noted,  was  further  developed  (13).  towmen  reported  the  development  of  a 
unique  temperature  probe  that  had  conductive  yet  highly  resistive  lead* 

(17).  ly  tha  end  of  >977,  It  was  announced  that  this  temperature  probe  was 
commercially  available. 

Other  temperature  probes  ware  presented  at  tha  1977  Internet  tonal 
symposium.  Among  these  wars  a  gel lum  art Inlde/optlcal  fiber  device  Intro¬ 
duced  by  Chrlatansen  (24),  and  an  Inexpensive  nonmateMIc  thermocouple 
probe  described  by  Olsen  end  Hollne  (6k).  Oaf lels  end  Prlou  also  Intro¬ 
duced  a  nonperturbing  temperature  probe  In  1977,  besed  on  optical  reflection 
from  e  volume  of  dielectric  materiel  (31). 

Progress  was  mode  In  other  areas  using  exlstlnq  technology.  Accurate 
whole-body  absorption  measurements  were  reported  by  Hackman  end  Heck 
using  a  Oewer-flask  calorimeter  (lk);  twin-well  and  grad  lent- layer  calori¬ 
meters  were  also  used  In  this  application.  A  nonmateMIc  electrode  syetem 
for  recording  EEC  end  ICG  was  Introduced  by  Pledgers  end  coworkers  (32). 

The  various  types  end  sources  of  Instrumentation  developed  during  thl* 
parted  show  that  much  effort  was  being  expended  to  piece  EM  bloef facts 
research  on  a  firm  quantitative  basis  with  respect  to  the  amount  of  absorbed 
energy  used  In  experiments. 

3W1MARY 

The  advances  In  EM  bloeffects  dosimetry  during  thl*  oerlod  (1976  -  1977) 
provided  much  of  the  technological  groundwork  on  which  to  build  a  quantita¬ 
tive  data  base  that  any  Investigator  could  easily  use.  This  progress  wet 
very  timely  considering  the  rise  of  public  scrutiny  In  the  field  thet 
demands  careful  attention  to  research  design  and  methods. 
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TIME  FRAME  078  «nd  IEY0ND 

Progress  In  the  dosimetry  of  Irradiated  biologic*!  lyittnt  l»  ■tmdlly 
advancing.  Dosimetric  tools  available  today  art  much  more  sophisticated 
than  they  war*  flv*  y*ars  ago,  and  thtrt  Is  reason  to  expect  that  future 
progress  In  th«  are*  will  outstrip  that  seen  since  1969.  two  major  symposia 
In  EH  bloeffects  were  held  during  078;  the  first  was  the  078  Symposium  on 
Electromagnetic  Fields  In  biological  Systems  held  In  Ottawa,  Canada  on  June 
27-30,  end  the  second  meeting  was  the  Open  Symposium  on  the  llologlcai 
Effects  of  Electromagnetic  Waves  hr  d  at  tha  XIX  General  Assembly  of  the 
International  Union  of  Radio  Science  In  Helsinki.  Finland  on  August  1*8. 

Much  of  the  material  to  be  presented  In  this  section  concerning  the  current 
status  and  future  direction  of  research  In  EM  absorption  and  dosimetry  was 
obtained  directly  from  the  participants  of  these  two  symposlr 

PHILOSOPHICAL  OVERVIEW  ANO  OUTLOOK 

A  new  society  was  formed  In  1978  to  meet  the  needs  of  the  expanding 
area  o'  EM  bloeffects  research.  Tha  ;<ew  group  called  Itself  The  lloelectro- 
magnetics  Society,  and  Initial  response  to  It  has  been  positive.  One 
function  of  the  new  society  will  obviously  be  the  orderly  dispensation  of 
phi losophlcal  guidance  ».o  organize,  unify,  and  stimulate  progregp  In  the 
area. 


Of  growing  Interest  at  this  time  Is  the  validity  of  the  10  rW/cm2 
safety  standard  at  or  near  the  whole-body  resonant  frequency  for  man. 
Another  evaluation  of  the  safety  standard  by  ANSI  Is  to  be  completed  In 
*979,  and  the  dosimetric  results  obtained  over  the  past  few  years  will  play 
an  important  role  In  this  process. 

THEORETICAL  RESULTS  ANO  EXPECTATIONS 

The  second  edition  of  the  Radlofrequency  Radiation  Dosimetry  Handbook 
was  aval lablo  by  the  time  of  the  Ottawa  symposium  (30).  The  new  edition  Is 
much  more  comprehensive  than  the  original  handbook.  It  covers  frequence* 
up  to  100  GHz  for  most  prolate  spheroid  models.  Also  given  are  data 
regarding  metabolic  rates  of  man  and  animals  along  with  heat -response 
calculations.  An  empirical  formula  Is  presented  along  with  Instructions  as 
to  Its  use  that  --lows  calculation  of  the  average  CM  absorption  for  biolo¬ 
gical  models  of  given  semlmejor  end  semlmlnor  sxes  dimensions.  It  Is 
expected  that  large  use  will  be  made  of  tha  revised  dosimetry  handbook. 

The  future  direction  of  the  handbook  project  Is  towards  the  study  of  n ear- 
field  conditions. 

Theoretical  techniques  for  calculating  EM  absorption  In  realistic 
men  models  have  been  undergoing  modification.  Whereas  past  studies  Have 
discrete  blocks  In  the  models,  llmltatlonyTn  computing  hardwsrt  have  \ 
redirected  future  work  toward  uelng  solids  of  revolution  or  horizontal 
sleb/sllce  models  for  higher  frequency  analysis^  Work  In  this  area  should 
produce  results  of  theoretical  man-model  «bsorptfon-<*f  up  to  2650  MHz  In 
the  near  future. 


experimental  results  and  expectations 


Exp«r Imantal  work  currently  under  way  considers  such  things  it  measured 
effects  of  head  resonanca  In  the  rat  and  soma  discrepancies  with  the  prolate 
spheroid  analysis.  Measurements  Indicate  an  overall  average  $AR  of  3.6 
d/kg  at  10  nU/ar  at  the  resonant  absorption  fraqueney  (kl);  whereas,  the 
current  handbook  (30)  values  show  less  than  3  W/kg  for  a  similar  prolate 
spheroid.  Yet  another  conslderat Ion  with  respect  to  the  hazards  of  absorp* 
tlon  Is  that  measurements  have  been  made  In  small,  homogeneous  models  that 
do  not  Incorporate  any  Intarnal  strgeturas.  It  cov’d  ba  that  the  presence 
of  bones  or  of  other  tissue  structures  within  the  ectuel  man  would  product 
mora  exaggerated  constrict  Ions  In  reellty  than  are  now  modeled.  It  Is 
known  that  constrictions  In  cross-sect  Ion  tend  to  produce  arses  of  high  |M 
absorption,  and  a  worst-case  condition  might  exist  thet  hes  not  been  appro¬ 
priately  modeled  yet.  for  reasons  such  as  these,  future  studies  of  the 
full-sized  man  model  et  the  Naval  Aerospace  Medical  Research  Laboratory 
will  incorporate  simulated  bones  within  the  model  In  order  to  model  EM 
absorption  at  closely  as  possible,  especially  In  the  areas  of  known  hot 
spots. 

In  the  area  of  EM  absorption  thermography,  the  resolution  end  quality 
of  obtainable  data  are  Increasing.  It  It  currently  possible  to  show  the 
EM- Induced  heating  of  such  small  structures  as  an  Insect's  leg  (66);  In  the 
future  mora  megnlf (cation  will  become  available  such  thet  smell,  Irradiated 
blood  vessels  can  be  thermally  imaged  In  vivo,  end  parhaps  tingle  living 
cells  can  be  resolved.  Microscopic,  tKermogrephlc  analysis  Is  needed  In 
support  of  tumor-hyperthermia  studies  and  of  Interaction  mechanism  research. 
Much  of  the  EM  absorption  work  h*lng  conducted  now  on  the  macroscopic 
whole-body  scale  will  be  conducted  on  the  microscopic  scale  when  the  measure¬ 
ment  tools  are  sufficiently  refined. 

I  INSTRUMENTATION  AVAILABILITY,  NOW  AND  PROJECTED 

There  ere  currently  available  to  researchers  e  wide  variety  of  dosi¬ 
metric  Instruments  with  which  to  pursue  quantitative  analysis,  for  whole- 
body  absorption  measurements  there  ere  now  gradient  layer  calorimeters  as 
well  as  Oewer-flesk  units.  At  least  two  nonperturblrg  tempereturo  probes, 
the  liquid  crystal  optical  fiber  probe  end  the  four-lead  high  resistance 
davlca,  are  commercially  available.  Herd#  Microwave  Company  recently 
introduced  an  Isotropic,  broadband  power  monitor  usable  to  26  GMz. 

SI 3 ted  for  comerciel  production,  but  not  yet  widely  available, 
the  miniature,  3*sxls,  Implantable  flald  probe  developed  et  the  Bureau  of 
Radiological  Health  and  the  tiny  semlconductor/optie  fiber  temperature 
probe  developed  at  the  University  of  Utah.  Other  new  devices  end/or 
techniques  are  In  various  stages  of  planning  or  development  such  thet  the 
horizon  Is  full  of  prospective  Instruments.  As  long  as  strong  amphasls  Is 
maintained  on  the  acquisition  vf  quantitative  data  for  all  EH  bioeffects 
studies,  the  development  of  more  and  better  Instruments  will  be  assured. 
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CONCLUS  t  0*$/ AECChMENDAT  I ONS 


$lne«  196s,  steady  progress  In  EM  dosimetry  hit  been  accomplished  In 
fl'*nV  •*’•**•  1°  the  review  of  literature  It  was  repeated ’y  teen  that 

philosophy,  theory,  experiment,  end  apparatus  were  closely  coupled.  The 
repld  expension  of  knowledge  In  this  eree  Is  e  tribute  to  the  system  of 
communication  end  cooperetion  thet  het  evolved  In  bloeffeets  rueerch. 
Dosimetry  end  the  knowledge  of  EM  ebsorptlon  heve  edvenced  prlnclpelly 
beeeuse  of  the  •"'Phesls  thet  was  pieced  on  the  quantitative  espects  of 
experiments)  results. 

Much  still  remelns  to  be  studied  in  this  field,  for  most  of  the  tabu- 
feted  dosimetric  results  ere  still  given  In  generalized  terms,  tuch  at 
"totel  everege  SAA"  for  e  given  sltuetlon  or  In  other  terms  like  "neck  SAA" 
end  'ankle  SAA."  Terms  such  es  these  are  of  only  limited  usefulness  because 
"total  average  SAA"  gives  no  information  as  to  possible  concentrations  of 
energy  deposition  in  the  body,  end  "neck  SAA"  gives  no  Informet’on  at  to 
possible  concentrations  of  ebsorptlon  In  the  various  tissues  comprising  the 
neck.  It  is  seen  thet  e  much  higher  resolution  of  the  absorption  picture 
Is  needed  to  adequately  quantify  the  absorption  of  Irradiation.  To  provide 
the  Improved  resolution,  realistic  adult  end  child  sized  models  should  be 
used  In  large  transmission  systems  or  In  Irradiation  chambers.  The  phantoms 
should  Incorporate  many  different  tissues  end  structures,  possibly  Including 
muscle,  fet,  bone.  Internal  organs,  end  cavities.  Dosimetric  date  for 
frequencies  of  whole  body  resonance  end  hfgher  should  be  obtained  from  • 
number  of  locations  throughout  known  regions  of  high  EM  ebsorptlon  06) .  The 
number  of  locations  measured  should  be  such  thet  Intervals  no  larger  then 
one-half  of  the  tissue  wavelength  ere  maintained  throughout  the  three- 
dimensional  region  of  Interest. 

The  conditions  thet  have  been  shown  to  significantly  Increase  EM 
ebsorptlon  should  be  closely  studied.  Conducting  ground  planes  end  certain 
reflector  plates  ere  quite  common  In  practice)  situations,  end  hlgh-resolu- 
tlon  dosimetric  date  should  be  obtained  using  grounded  models  end  using 
reflector-type  Irradiation  systems. 

As  the  use  of  elr  trcmegnetlc  energy  continues  to  grow  In  such  areas 
es  electronic  warfare,  cancer  therapy,  the  tolar  power  satellite,  ate., 
our  knowledge  of  the  biological  effects  of  nonionizing  radiation  must  also 
grow  to  provide  a  sound  rationale  for  envlornmental  end  personal  protection 
end  to  simultaneously  utilize  such  radiation  to  Its  maximum  possible  benefit. 
The  outlook  for  future  benefits  based  on  expanded  knowledge  Is  bright.  The 
rate  of  future  successes,  however,  depends  upon  the  continued  high-level  of 
commwnlcet Ion  and  cooparation  that  hat  been  established. 
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